In this issue of Annals of Surgical Oncology, Huismans et al. describe their extensive experience with isolated limb infusion (ILI) in the treatment of 185 patients with intransit melanoma over a 15-year period (1992-2007) . 1 The group initially described and introduced the technique of ILI in the early 1990s as a minimally invasive alternative to hyperthermic isolated limb perfusion (HILP) whereby placement of percutaneously placed catheters allows delivery of regional chemotherapy (usually melphalan plus dactinomycin) to an isolated limb. 2 Because of the safety and efficacy of the treatment as well as disappointing results of a multicenter HILP trial, ILI is now utilized at several major U.S. centers and has been demonstrated to be a well-tolerated treatment alternative for patients with advanced extremity melanoma. [3] [4] [5] [6] [7] As with any new technique, evidence-and observationbased modifications have been applied to ILI with the goal of maximizing response in conjunction with minimizing toxicity from the procedure. In this study, the authors compare outcomes after initial ILI from their early experience (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) in 94 patients to their subsequent, or late, experience in 91 patients after several modifications were incorporated into the ILI protocol (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . The authors conclude that the study's results support the use of the modifications, although no significant changes in response or toxicity were seen with the modifications. Despite the lack of change, the underlying response rates over the entire period still support a role for ILI as a safe treatment in the armamentarium of therapeutic options for patients with advanced extremity melanoma.
There are many aspects of ILI in need of standardization, as is shown in Table 1 . Some of these issues revolve around the following: optimal method of drug dosing, technical aspects of performing the ILI procedure, and how best to define toxicity and response after the procedure. Currently, theoretical evidence suggests that the hypoxia and acidosis of ILI may be beneficial by optimizing how melphalan is metabolized and leads to an antitumor response. 8 Hyperthermia is also thought to improve clinical response induced by alkylating agents like melphalan, but within a narrow therapeutic window such that excessive heat may increase the toxicity of melphalan to normal tissue. 9 Finally, papaverine is thought to improve response by maximizing subcutaneous vasodilation and thereby improving melphalan delivery to the tumor, as was suggested in a U.S. multicenter analysis. 6 In the current study, modifications to the ILI protocol included increasing drug circulation time from 20 to 30 min, the use of a hot air blanket cocoon and a radiant overhead heater to achieve more efficient limb warming, use of a higher melphalan dose (5-7 mg/l for early vs. 7-8 mg/l for late), and routine use of papaverine. These changes did result in some not unexpected measurable differences between the early and late groups, including median difference in PCO 2 in the limb blood between the start and the end of the procedure, which increased from 8.8 to 14.7 mm Hg (P \ 0.0001), and an increase in peak subcutaneous temperature (37.7 vs. 38.7) (P \ 0.0001). These changes, however, did not appear to significantly affect overall tumor response or limb toxicity.
There was no significant difference between complete or partial response (PR) in the early versus late group with a trend toward a lower complete response (CR) rate (36%, 38 of 94) in the late group versus the early group (CR 40%, 36 of 91).
There appear to be slight differences in the response rates reported by the Melanoma Institute Australia (Formerly Sydney Melanoma Institute) (MIA) and U.S. centers. The CR rate between the MIA groups (40% CR rate in early group and 36% CR rate in late group) was higher than the recent U.S. study of ILI with a CR rate of 31% in 128 patients from 8 centers. 6 Although some of the variation simply relates to whether nonevaluable patients are included in the denominator of the reported results, some variation also appears to reflect differences between how the ILI procedure is performed or monitored. Response in the United States is determined at one time point 3 months after ILI, while response at MIA is determined by two observations not less than 4 weeks apart with a previously reported median time between ILI and best response of 1.4 months (range 1-84 weeks). 10 In some cases, disease may show marked responses 3-6 weeks after ILI only to progress by 3 months, a response pattern that may further explain discrepancies in response rates between centers.
The discrepancy between PR in the present study (45% in both early and late groups) and our recent report (12%) may also be exacerbated by our practice of correcting the melphalan dose for ideal body weight (IBW). This practice has been demonstrated to reduce toxicity while not altering CR rates. 6 Correcting for IBW did lower overall response because it was associated with decreased PR rates. 4, 6 Notably, the mean body mass index of patients in the recent Duke study was 29 (range 20-48), while the mean body mass index in the early MIA group was 26.0 (range 23.3-28.8) and late group was 24.9 (range 22.7-27.8). Thus, correcting the melphalan dose for IBW may not be as important in reducing toxicity in the patient population treated at MIA compared to the U.S. population and may have led to the higher PR rates seen in the MIA-treated population. Consensus on melphalan dosing and response criteria would ultimately be essential to make valid comparisons between centers performing ILI. Other components of the ILI procedure appear to have more expert consensus, although there is a lack of scientific evidence confirming their importance. These components include: including a 30-min circulation of melphalan, routine use of papaverine, and achievement of hyperthermia (median peak 38.7°C).
In the larger context of optimal treatment for patients with unresectable in-transit melanoma, the current study supports a significant role for ILI. The continued work of the MIA and U.S. centers would argue that ILI might be the best initial therapy for patients with in-transit melanoma, given its low toxicity and approximate 30 to 40% CR rate. Our recent review and data from MIA suggest that HILP does have higher response rates than ILI. 3, 4, 11, 12 However, although the spectrum of toxicity was similar for ILI and HILP, the likelihood of rare catastrophic complication of limb loss was greater with HILP (2 of 77) than ILI (0 of 148). Additionally, there was no significant difference between duration of CR and no difference in time to progression out of field between ILI and HILP in a recent overview of the Duke regional therapy experience. 11 This study found that overall survival for all treated (whether they received HILP or ILI) was not different between treated groups differs between techniques, while those who achieve a CR after either therapy seem to have a markedly improved prognosis. 11 As such, we have opted for utilization of ILI as our initial regional therapy in patients with clinically negative lymph nodes. In patients who have clinically enlarged lymph nodes, we generally perform an HILP initially because this allows for dissection of the lymph node basin in which the HILP catheters are placed. Patients whose disease fails to respond to ILI can then be treated with HILP, repeat ILI, or protocol-based ILI.
Moving beyond melphalan-based regional therapy for all patients with in-transit disease will be important in the evolution of this therapeutic modality. Regional chemotherapy treatments in the form of ILI or HILP can serve as a pathway for the personalization of therapy for patients with advanced melanoma. The regional setting of in-transit disease is a unique clinical opportunity for surgical oncologists to learn how to develop novel therapeutic strategies with potential for systemic applications in a disease with few effective treatment options for advanced stages. Drug pharmacokinetic analysis in a closed-circuit system of regional therapy, in ILI or HILP, and easily obtained tissue acquisition both before and after treatment to allow correlation of drug resistance parameters or targeted therapy protein expression can help us make tremendous strides in our understanding of how to optimize drug delivery and how to utilize novel drugs. The combination of analyzing procedural and patient variables with correlative studies that can assess traditional drug resistance mechanisms, dysregulated pathways, and changes induced by targeted therapies may ultimately serve to maximize responses to regional chemotherapy treatments. Examples of how the regional setting has been and is currently being utilized in the context of both ILI and HILP to further our understanding of novel therapeutics are provided in Table 2 , which includes the work of multiple institutions. To date, two phase I trials and one phase II trial combining a systemic targeted agent with melphalan via ILI have been completed. [13] [14] [15] Correlative studies including pharmacokinetic analysis, immunohistochemical staining of tumor tissue, protein expression, and gene expression analysis were completed in nearly all enrolled patients. ADH-1, an N-cadherin antagonist, was provided systemically to 45 patients before and after ILI with melphalan in a phase II prospective multicenter trial. Results demonstrated an improved CR rate at 3 months (38%, 17 of 45) compared to ILI with melphalan alone (CR rate 29%, 19 of 66), although there was no difference in regional time to progression between the groups. 15 Although this trial was exploratory and limited by sample size, gene expression data supported ADH-1-induced changes in the expression of genes that may ultimately contribute to an understanding of the mechanism of action of ADH-1. 15 Correlative studies from a phase I trial of systemic sorafenib (n = 20), a B-raf kinase inhibitor, identified 35 proteins which exhibited marked dose-dependent expression in response to sorafenib. Surprisingly, B-raf signaling pathways were not inhibited and an increase in the local toxicity of ILI-M plus systemic sorafenib was not explained by pharmacokinetic analysis. Although these preliminary studies in heavily pretreated patients failed to demonstrate a significant improvement in CR rates compared to ILI with melphalan alone, they serve as examples for the utilization of the regional chemotherapy model in the development of novel therapies that may ultimately improve the efficacy of treatment for patients with advanced extremity melanoma and potentially impact the treatment of systemic melanoma. Another approach using a melphalanbased regional therapy is to target immunologic molecules in hopes of generating a systemic immunologic benefit from the regional chemotherapy treatment. This is the rationale behind an institutional review board (IRB)-approved regional therapy trial soon to be open at Memorial Sloan Kettering Cancer Center that incorporates ipilimumab treatment after a melphalan-based ILI that is currently under IRB review.
Finally, although melphalan has been the drug of choice for regional chemotherapy, the IV formulation of temozolomide (TMZ) has shown tremendous promise as a regional chemotherapy agent in preclinical models. TMZ is a DNA alkylating agent that is spontaneously converted to the active metabolite MTIC. In an animal model, regional infusion of TMZ was more effective than systemic therapy and frequently more effective than melphalan via regional infusion especially in tumors with low O6-alkylguanine-DNA alkyltransferase (AGT) activity. 16 Another factor that makes ILI with TMZ a potentially promising approach is the ability to more accurately predict response. A strong correlation between the levels of AGT activity and percentage increase in tumor volume was noted for tumors treated with temozolomide; xenografts with low AGT activity showed much higher levels of response to regional TMZ. 17 Regional therapy with TMZ may ultimately prove to be more effective than melphalan in certain subsets of tumors. Currently, a multicenter phase I dose escalation study of ILI with TMZ is open and accruing patients. Correlative studies including AGT expression, tumor gene expression, pharmacokinetic analysis, and immunologic monitoring to determine whether regional chemotherapy induces a systemic immune response are all part of this attempt to validate the preclinical work.
Regional chemotherapy treatments including both ILI and HILP continue to be important in the treatment of patients with advanced extremity melanoma. The standardization of patient and procedural variables that may affect response and toxicity as studied by Huismans et al. in combination with pharmacokinetic analysis and analysis of tumor tissue may ultimately provide information to optimize the therapeutic index of regional chemotherapy. Lessons learned from novel regional chemotherapy trials have the potential to greatly affect the treatment of advanced extremity melanoma and may also ultimately contribute to developing novel treatment strategies for patients with systemic melanoma. 
